Amplification of light in a glass ball suspended within a gainy medium 
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We discuss total internal reflection (TIR) from an interface between glass and active gaseous media and 
propose an experiment for strong light amplification. © 2010 Optical Society of America 
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Light reflection from an interface between two media is 
determined by the wave equation and the boundary con- 
ditions, which follow from Maxwell's equations. We con- 
sider Maxwell's equations in media without free charges, 
with zero conductivities a and time-independent permit- 
tivities e, fi: 

[VxEir,t)]^fi^^Hif,t), 



[V X H{r,t)] 



dt 



V • nH{f, t) = 0. 



(1) 



(2) 
(3) 



In a homogeneous medium the parameters e and /i are 
constant in space, and (l)-(3) lead to wave equations 



AE{r,t) = ^f^e-^E{f,t), AH{r,t) 



92 ^ 



(4) 



Both equations have plain wave solutions 



E{r,t) ^ E exp{ikr — iujt) , H{r,t) ^ H cxp{ikr ~ iujt) , 

(5) 

and substitution of Eq. (5) into Eq. (4) shows that 
k'^ = e/iw^ = uj^jc?, where c = Xj^feji is the speed of 
light. However the wave equations are derived from the 
Maxwell's equations, and the outcome of the Maxwell's 
equations after substitution of the first Eq. (5) into Eq. 
(1) or the second Eq. (5) into Eq. (2) is 



H = — \k X E\, 

jlUJ 



E 



— \k X m. 



(6) 



Therefore, E and H are orthogonal to k and to each 
other, and, if \E\ = 1, the length of H is \H\ = \fef\i = 
1/Z, where Z = \/Jife is called the medium impedance. 

In the next section we consider the reflection of the 
light wave from an interface between two media when 
the reflecting medium is lossy or gainy, find peculiarities 
of the reflection amplitudes, prove that the TIR refiec- 
tion coefficient for gainy reflecting medium is larger than 
unity and propose an experiment for strong enhancement 
of light field. 



1. Wave reflection and refraction at an interface 

If space consists of two halves with different £1^2 and /ii,2, 
Eq. (4) cannot be derived directly from (l)-(3), because 
the permittivities depend on the coordinates. However, 
each half is homogeneous and has its own wave equation 
with its own plain wave solution. The interface creates re- 
flection and refraction of the waves, which is determined 
by requirements of the Maxwell's equations. According 
to them components E\\{r^t), H\\{r^t) parallel to the in- 
terface, and e{n- E{r,t)), fi{n ■ H (r, t)) , perpendicular to 
it {ft is a unit normal vector) must be continuous. The 
wave function in the presence of the interface becomes 

Q{z < 0) I exp(ifcir — iLL!t)ipi + cxp{ikr'r — iujt)il!rP 



+ 9(z > 0) exp(iA:2^- iLut)il;2T, (7) 

where the term ex.p{iki'r — iujt)'ipi with the wave vector 
ki describes the plain wave incident on the interface from 
medium 1, factors ipi = Ei+Hi (i = 1, r, 2) denote sum of 
electric and magnetic polarization vectors, fcr,2 are wave 
vectors of the reflected and transmitted waves, p, r are 
the reflection and transmission amplitudes respectively, 
and &{z) is the step function, which is equal to unity 
when inequality in its argument is satisfied, and to zero 
otherwise. 

The wave vectors fcr.2 are completely determined by 
fci . They are determined uniquely by the constants Hi , 
and by the fact that the frequency uj and the part fc|| of 
the wave vectors parallel the interface must be identical 
for all the waves. In the following we assume that the 
medium 1 is lossless, i.e. eifii is real, therefore all the of 
the components of ki are also real. 

The normal component k2i_ of the refracted wave can 
be represented as 



k2± = \l £2^2^? ~ ^ii = V - - £2^2)^?, (8) 



s:2_L 



€kl 



,21,2 _ h.2 

L hj-^ r\j\\ , 



(9) 
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where n — ^/e is the refractive index, and we introduced 
relative permittivity e = e2M2/eiMi- 

From Eq. (9) it follows that for lossless media when 
< e < 1 is real, the incident wave, for which fc|| is within 
nki < |fc||| < fci, is totally reflected from the interface. 
This happens because 



(10) 



thus the factor exjp{ik2_Lz) = cxTp{—K2^z) of the wave 
exp(iA:2r^ exponentially decays, and the refracted wave 
becomes an evanescent one. Therefore, the energy does 
not flow inside the medium 2, and due to the energy 
conservation it must be totally reflected into medium 1. 

If the medium 2 is lossy or gainy, the constant e is a 
complex quantity e = e' ± ie" , with positive e' and e". 
In this case outside the total internal reflection (TIR) 
region (|fc|[P ^ e'^i) we have k2_ 
for smaU e" (e"fc2 < e'kf - |fc|||2) 



± ifc2_i' where 



2_L 



2k: 



(11) 
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In the TIR regime, k'„ , in Eq. 11 transforms into iK^ , 



where K^j^ 



fc|| p — e'fcf , and k!^^ transforms to 



Therefore, in TIR fczj 



kl 



2K" 



'iK' , = e'- 



K" 



kl 



2zA-^- 



(12) 



iK'r! . , where 



\h?-^'kl (13) 



The '+' sign before imaginary part iKi^^^ determines ex- 
ponential decay of the refracted wave away from the in- 
terface for both lossy and gainy media cases. However 
the real part, K'^^ has opposite signs for lossy and gainy 
cases. The positive value of K'^,^ for lossy medium means 
that the reflection coefficient in TIR is less than one, be- 
cause part of the energy flux proportional to enters 
the medium 2 and decays there. The negative value of 
^2± lo^' g^iiny medium means that the reflection coeffi- 
cient in TIR is larger than one, because part of the en- 
ergy flux proportional to -^^2^, exits the medium 2 and 
adds to the TIR wave. 

By the way, we want to note here that the widely 
spread belief that the energy flux is given by the Pointing 
vector J = [ExH] is not correct. The energy flux is given 

by 

k eE^ + fiH"^ 



J 



(14) 



k 8tt 

i.e. it is equal to the energy density times the light speed, 
and it has direction along the wave vector k. For a plain 
wave this definition coincides with the Pointing vector. 
However the latter can be defined for wider varieties of 
vectors E and H, including stationary fields and evanes- 
cent waves for which the Pointing vector has no relation 
to the energy flux. 



A. Reflection and refraction amplitudes 

The procedure for calculating the reflection amplitude 
in general case is well explained in [1], so here we only 
briefly recall it. The polarization Ei of the incident wave 
can be arbitrary (except it must be perpendicular to the 
wave- vector fci). It can be decomposed as i? = Eis+Eip, 
where Eis is the component parallel to the interface and 
perpendicular to the plane of incidence (plane of vectors 
kl and the normal n to the interface), and where Eip lies 
in the plane of incidence. Reflection amplitudes for each 
component are different and can be found independently. 

Lets find the refiection of the wave Eis (s-wave or TE- 
wave). The field Eis is accompanied by the field Hip, 
which lies in the plane of incidence. The total wave func- 
tion of the TE- wave according to Eq. 7 can be repre- 
sented as exp(i/c||r^| — iLot)'ip{z), where 

■4>{z) ^ 9(z < 0) Vis exp(ifci^z) + ^JrsPs exp^-iki^z) 

+ e(z > 0)V'2sTs exp(ifc2j.z), (15) 
and for i = 1, r, 2 we introduced notations 

ifis = Els + Hip, Hip = — [ki X Els], /^r = A^i- (16) 

^iUJ 

The corresponding wave vectors are 

kl ~ fc|| +nki±, kr = fc|| —nkij_, k2 ~ fc|| +nk2 



(17) 



Maxwell's equations require continuity of the electric 
field Eg at the interface, which leads to the equation 
1 + Ps ~ Ts- The same requirement for the component 
Hy of the magnetic field parallel to the interface leads 
to the equation (1 — Ps)k±i/p,i = Tsfc_L2//X2. The third 
requirement for the continuity of the quantity /i(n • Hp) 
leads to the same equation 1 + ps = Ts as the one ob- 
tained from the continuity of E^. Therefore we have two 
independent equations, from which we obtain the well 
known Fresnel formulas 

P2ki± - pik2± 2p2ki± 



Ps 



P2ki± + pik2± 



P2ki± + pik2± 



(18) 



Similar considerations of the TH-wave with Eip po- 
larization gives the other two expressions. 



Pp 



£2^ 



i± 



£1^2 



262/01 



£2^1 



eik 



■2_L 



£2^1 



eik 



■2_L 



(19) 



For simplicity, we limit ourselves only to TE-case and 
assume that /X2 = fJ,i, so /ii.2 in Eqs. (18) is excluded. 

Once can see that in TIR the reflection coefficient 
from a gainy medium is larger than one, and it increases 
with gain. The growth of the refiection coefficient can 
be explained by the photon emission toward the inter- 
face, induced by the evanescent field. The increase in 
the refiected flux is due to the sub-barrier induction of 
the photon, which tunnels from the gainy medium into 
medium 1 and coherently adds to the reflected primary 
photon. The larger is the gain, the larger is the proba- 
bility of such process. 
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2. The experiment for strong enhancement of 
the light trapped in a glass sphere 

The increase of the reflection coefficient at TIR from a 
gainy medium can be used to develop a curious exper- 
iment for storage and amplification of light. Imagine a 
glass sphere with a coupler P, as shown in Fig.l. The 
sphere has thin walls (it is also possible to use a homo- 
geneous glass sphere) and is surrounded by an excited 
gas (or other active media). The ray of light, shown by 
the thin line, enters the glass walls through the coupler 
and then undergoes TIR multiple times. At every refiec- 
tion the light is amplified according to the analysis in the 
previous Section. At the end the ray escapes the sphere, 
as shown by the thick line. The amplification depends on 
the number of the reflections and on the gain coefficient 
of the active medium. The number of the reflections is 
very sensitive to the angle of the incident ray. If the over- 
all amplification is sufficiently high, the glass will melt 
into a liquid bubble with thin skin filled with the light, 
similar to the ball lightning [2]. 



and 




Fig. 1. Schematic of the experiment for multiple TIR off 
gainy medium. 

We can estimate the magnitude of the light enhance- 
ment in such a sphere. Assume that for the active 
medium £2 ~ 1 — ia, and ei of the glass is real. For 
TEM mode, the reflection amplitude at TIR according 
to Eq. 18 can be written as 



fci^ — ^^y {ei — 1 + ia)k'^ — kf^ 
fci± + i^(ei -1-1- ia)k^ - kf^ 
kii_ - iK2j_ + ak'^/2K2± 
kii_ + tK2i_ - aky2K2± ' 



(20) 



where K2j_ = \/ (ei — 1)A:^ — and the approxima- 
tion is valid for small a. From Eq. 20 follows that the 
reflection coefficient is 



l+2a 



K2±iei - 1) 
(21) 



For the TH mode. 



Pp 



e2ki± + eik2± 

(1 - ia)ki±_ - ieiK2i_ + aeik'^ /2K2± 
(1 — ia)ki^ -\- i€iK2± — aeik'^ /2K2± ' 



(22) 



\Pp\ 



2 _ [ki± + a£ik^/2K2±]^ + (afc^ + £1/^2,1)^ 
" [fcii - aeifc2/2i^2±]2 + (afcii - eiK2±)^ 
ki±_ P + 2Kl^ 



1 + 2aei 



K2± fc? I 



,2 7.-'2 ' 



(23) 



For estimating purposes we can assume that for both 
cases the light is amplified by approximately 1 + 2a af- 
ter each reflection. Therefore enhancement of the light 
intensity I after N collisions with the wall is I / Iq = 
(1 + 2a)^ — cxp{2aN) , where Iq is initial intensity. The 
number of collisions can be represented as TV = t/ti, 
where ti is the time between two consecutive collisions. 
In sphere of radius R it is ti = 2Ry/esm9/c, where 9 is 
the grazing angle at the collision point. With all these 
considerations we can write 

///o = cxp(i/r) where t = R^/esmO /ca. (24) 

The following analysis is used to estimate a. The am- 
plification of a laser beam along a path I inside a gainy 
media is exp(2fc"/), where k" is the imaginary part of 
the wave number, and g = 2k" is called the gain coeffi- 
cient. In a medium with e = 1 — ia, the gain coefficient 
is (7 w ak = 27ra/A, where A is the wavelength. For 
N2,C02 gas lasers, the gain coefficient is approximately 
10~2 cm~i [3]. For A/27r ~ 10""* cm we obtain a ^ 10"^ 
Therefore, the number of the refiections off the interface 
should be larger than = 10^ to obtain any practical 
light amplification. 

In the past, many experiments were performed with 
the whispering gallery mode resonators (WGMR) of 
small dimensions {'^ 1 mm) and large Q-factors (up 
to Q '--^ 10^°) [4], where light undergoes large number 
N ^ Q total internal reflections. 

Let's imagine a sphere of i? = 10 cm submerged 
into an active medium with a ^ 10^^, and WGM with 
e = 0.1, then, according to Eq. (24), l/r « 3-103. There- 
fore if initial energy /o = 10^^^ J, then after 20 ms the 
energy inside the resonator will increase enormously up 
to 10 MJ. The stored photons will heat and melt the 
resonator, but the electrostriction forces will hold the 
melted substance together. One can expect to see many 
interesting nonlinear phenomena in such systems. 

Acknowledgement 

We express our gratitude to A.Siegman, whose paper [5] 
(see also [6]) inspired us for this work. 

3. History of submissions and rejections [7] 

This paper appeared after we tried to criticize the 
work [5] and sent the critical paper to OPN. The main 
point of [5] was that reflectivity from a gainy medium at 
TIR is smaller than unity like reflectivity from a lossy 
medium. This conclusion was deduced from incorrect 
choice of the sign of the square root of the complex num- 
ber Z = klj_ — (ei — 1 -|- ia)k'^. Dr. A.Siegmann chose 
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\fZ = —i^ (ei — 1 + iOL)k'^ — fc^j_, while the correct sign 
is \fZ = (ei — 1 + -jQ;)fc2 — fc^j_, as is used in Eq. (20). 
The choice of sign is related to physics. With correct 
sign the wave function inside reflecting medium becomes 
oc exp(— /C2±2 — *.92^), where /V2± = \J (ei — l)fc^ — 
and g2 = akF' /2K2^. This wave function exponentially 
decays and wave number g2 gives a flux from reflect- 
ing gainy medium, which makes reflectivity larger than 
unity. With incorrect sign the wave function inside re- 
flecting medium becomes cx exp(/^2±z -I- ig2z). For Dr. 
A.Siegman it means that because of 172 there is a flux to- 
ward the reflecting medium, and the gain leads to expo- 
nential grows of the field. However he did not notice that 
the exponential grows docs not depend on gain a, and 
since K2 ~ 1/A ~ fO~^ then at distance z ~ \ mm 
from the reflecting interface the field intensity becomes 
eyip{2K2^z) ^ exp(2 • 10^) > 10^'^° (i.e. astronomically) 
higher than the field in the incident light. So there is a 
terrible violation of the energy conservation. 

We tried to publish a paper in OPN with careful anal- 
ysis of [5], but we were permitted to publish [6] only a 
list of incorrect claims in [5]. However during prepara- 
tion of [6] bearing in mind the model of the ball light- 
ning [2] we were struck by an idea that enhancement of 
rcfiectivity from a gainy media at TIR can be used for 
high accumulation of energy in a spherical shell and for 
checking the idea [2] if to put the spherical shell in a 
gainy medium and to send a light beam in it in a whis- 
pering gallery mode (WGM). So we submitted this paper 
to Optics Letters in beginning of June. 

On 23 June we received a rejection from Topical Ed- 
itor of Optics Letters Timothy Carrig with two referee 
reports. 

A. Referee 1 

I'm sending you herewith my comments on the Igna- 
tovich ms. 

Because this is a situation where the Ignatovichs and 
I have a fundamental technical disagreement, I do not 
believe I should submit this as a formal review, or at 
least I should not express any opinion on whether this 
ms should or should not be published, leaving that to 
your editorial judgement and the opinions of other inde- 
pendent referees. 

Rather I am simply expressing my views on the techni- 
cal matter itself, for whatever use these may be to you. In 
addition, I do not think I should do this anonymously, 
and I am therefore copying this response to the Igna- 
tovichs also. 

The major portion of this ms (19 of the 23 equations) 
is devoted to a straightforward analysis of the Fresnel 
reflection coefficient at a dielectric interface when the 
lower-index reflecting medium may have either loss or 
gain. Although I have not checked every step of the 
derivation, this is in essence a "textbook problem" and 
I have no reason to believe that their analytical results 
are not correct. 

There is, however, a major disagreement between us 



at one step in the analysis. At a point in the general 
region of Eqs. (11) through (13) in the ms, one must 
take the square root of a certain quantity which be- 
comes complex- valued for either a lossy or gainy reflect- 
ing medium; and one must make a choice of which sign 
one chooses for this square root. 

For the case of a lossless or lossy medium, the conven- 
tional choice of sign is the one which makes the fields 
decay away exponentially with distance into the refiect- 
ing medium, a condition commonly referred as making 
the fields in this region evanescent. The authors of this 
ms believe that one should make the same choice for the 
case of a gainy medium, while I am convinced that the 
opposite choice is the physically required or physically 
meaningful solution in this case. 

My belief is that the real physical constraint on the 
solution in both lossy and gainy cases is that the solu- 
tion to be chosen should correspond to energy or sig- 
nals which have arrived from the higher-index medium 
travelling on outward at a small but finite angle (as the 
equations indicate) into the lower-index medium, being 
attenuated or amplified as they go. I would note that 
this is in fact the condition that is met by the "evanes- 
cent" lossy solution, where the direction of energy fiow is 
slightly outward away from the interface, with the fields 
decaying in amplitude with distance as they travel out- 
ward because they are travelling in a lossy rather than 
a gainy medium. The same condition should also govern 
in the gainy case. 

This solution seems to me to be mandated by simple 
causality, as well as giving physically reasonable answers 
for many other specific waveguide and other specific sit- 
uations I have examined. 

Whether this opinion be right or wrong, however, I 
must also note that what I believe to be exactly the 
same analysis and discussion of Fresnel reflectivity from 
a gainy or lossy medium as in this ms has already been 
presented, and the same conclusions as in this ms have 
been argued, in an OSA journal publication some seven 
years ago. i.e. 

J. Fan, A. Dogariu, and L.-J. Wang, "Amplified to- 
tal internal reflection," Opt. Expr., vol. 11, pp. 299-308, 
(2003). 

Abstract: Totally internal reflected beams can be am- 
plified if the lower index medium has gain. We analyze 
the reflection and refraction of light, and analytically 
derive the expression for the Goos-Hanchen shifts of a 
Gaussian beam incident on a lower-index medium, both 
active and absorptive. We examine the energy flow and 
the Goos-Hanchen shifts for various cases. The analyti- 
cal results are consistent with the numerical results. For 
the TE mode, the Goos-Hanchen shift for the transmit- 
ted beam is exactly half of that of the reflected beam, 
resulting in a "1/2" rule. 

As always, slightly different notation and terminology 
has been used, but the basic problem of Fresnel reflection 
and its analysis is straightforward, and I believe this ear- 
lier publication and the authors' current ms present es- 
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sentially identical results. Unless the present authors can 
point to genuine differences between this analysis and 
theirs, I believe the content and conclusions of this ear- 
lier publication are essentially the same as theirs. (This 
ms is also referenced in my recent OPN article, with 
an implicit indication that I disagree in exactly similar 
fashion with its conclusions.) 

The current authors also make brief mention of a pro- 
posed experimental test involving a sphere (or cylinder?) 
embedded in a dye medium. On this I would comment 
that a planar waveguide or cylindrical fiber would seem 
to me a simpler structure for such a test; that a finite- 
thickness gain layer is in fact very different from an un- 
bounded gain layer for such a test in that it has two 
rcfiecting surfaces and will thus display regenerative ef- 
fects; and in any case these ideas have already been dis- 
cussed and even tested in several publications listed be- 
low. 

Yours truly, Tony Siegman 
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Our comment 

On one side it is respectable that Dr. A. Siegman dis- 
closed himself as a referee. On the other side it is seen 
that his main goal was to prevent publication of our pa- 
per. To do that he used the following arguments: 1) The 
major portion of manuscript contains nothing new com- 
paring to textbooks, and I do not agree with authors 
(therefore he doesn't agree with textbooks). 2) The pro- 
posed experiment is not interesting. It is better to check 
with plain wave guides or fibers. And if to speak about 
sphere than there is also nothing new, because there are 
already so many publications on micro spheres. 

B. Referee 2 

From the report it is seen that the rejection is the main 
goal of the referee It is evident from the choice of words. 
We emphasized them in bold face without comments. 

I am rejecting this paper based on my comments be- 
low. 



The paper consists of two sections. Section 1 is a poor 
treatment of electromagnetic wave reflection and and 
refraction at an interface. A better treatment can be 
found in any standard optic textbook (e.g., Hecht). Un- 
fortunately, it has little bearing on solving for the mode 
structure of a dielectric sphere. Solving for the mode 
structure of the resonances of a dielectric sphere in vac- 
uum is a classic problem in electricity and magnetism, 
and the resulting field distributions have been known for 
some time (e.g., Stratton: Electricity and Magnetism.) 

There are many mistakes and misleading as- 
sumptions used throughout the paper. For example, in 
section 1 the authors state that "Maxwell's equations 
require continuity of the electric field Eg at the inter- 
face..." However, while the tangential component of the 
electric field must be continuous at the surface to sat- 
isfy the boundary conditions, there is a discontinuity in 
the radial component of the electric field at the dielec- 
tric boundary. The authors state that they are limiting 
themselves to the TE case, however, the TM modes are 
the interesting ones for the Whispering Gallery Modes 
(WGM) of microspheres, since their electric field vectors 
are predominantly radial. 

Section 2 uses the treatment from Section 1 and ap- 
plies it to the WGMs of a dielectric sphere without 
using the proper treatment for a sphere where the 
mode structure would be based on spherical Hankel func- 
tions given the boundary conditions. There arc several 
treatments of this in the literature already (e.g., PHYSI- 
CAL REVIEW A 67, 2003 033806). It is crucial that the 
proper mode structure be accounted for with the proper 
boundary condition, especially if it is to be applied in a 
case where gain will be present. In that case, there will 
also be time dependencies that may need to be addressed 
for a proper treatment. 

The only new items in the entire paper consist 
of a few sentences of conjecture on the amplification 
of light using the WGMs of a dielectric sphere immersed 
in a gain medium. This conjecture is not based on a 
proper treatment of the electromagnetic modes, and 
there is no testable prediction of the effect. The pa- 
per amounts to a comment on an idea and needs 
serious expansion with a far more careful treat- 
ment before it could possibly be considered for any peer 
reviewed journal. 

C. Our appeal 

Dear Dr. Carrig, 

We would like to appeal your decision due to the rea- 
sons listed below. 

The Referee 1, Dr. A. Siegman, is not suitable for re- 
viewing our paper. As indicated by our earlier email (in- 
cluded at the end of this email) to you as well as by 
Dr. A. Siegman himself, his review represents a con- 
flict of interests. We wrote our paper after reading Dr. 
Siegman's article in OPN, and we think his views are 
erroneous down to the textbook optics level. Obviously, 
he does not agree with our point of view and therefore 
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is not interested in any publications that would criti- 
cize his article. Therefore, we think that Dr. Siegman's 
comments should not be counted toward the publication 
decision, and the manuscript should be resubmitted to 
another referee. 

We disagree with the decision of Referee 2. He com- 
pletely misunderstood our article. We prove this point 
by addressing the Referee's review as follows. 

1) Section 1 is a poor treatment of electromagnetic 
wave reflection. 

It is unclear what the Referee 2 means by "poor treat- 
ment". Is it a wrong treatment? Absolutely not, it is in 
fact a textbook treatment of the electromagnetic wave 
reflection. Does the Referee 2 thinks that textbooks are 
poor? Such emotional statement does not carry any sub- 
stantiality or significance. 

2) Unfortunately, it has little hearing on solving for the 
mode structure of a dielectric sphere. 

Judging by the other parts of the review, the Referee's 
expertise lays in microspheres. It indeed would be impor- 
tant to reference the electromagnetic distribution and its 
effects in a microsphere if that was the case. However, in 
our manuscript, the radius of the sphere is supposed to 
be much larger than the light wave length, therefore ev- 
ery reflection can be treated in plane geometry approx- 
imation. The Referee appears to have overlooked this 
important detail. 

3) There are many mistakes and misleading assump- 
tions 

While this statement would be very important in mak- 
ing publication decision, it is not backed by any 
proof. The Referee 2 does not point out where in the 
manuscript he saw the mistakes and misleading assump- 
tions. His only hint at a mistake is wrong - see the next 
point. 

A) Authors state that "Maxwell's equations require con- 
tinuity of the electric field Eg at the interface..." How- 
ever, while the tangential component of the electric field 
must be continuous at the surface to satisfy the boundary 
conditions, there is a discontinuity in the radial compo- 
nent 

The Referee 2 is correct - the normal component 
has discontinuity. However we are talking about the Es 
which is the tangential field and does not contain the 
normal component. Referee 2 overlooked this important 
detail and made a completely correct statement appear 
as incorrect. 

5) The authors state that they are limiting themselves 
to the TE case, however, the TM modes are the inter- 
esting ones for the Whispering Gallery Modes (WGM) 
of microspheres, since their electric field vectors are pre- 
dominantly radial. 

See the point 2 (we do not consider microspheres). 
Also, it is widely accepted in science to consider only 
one case, when other cases have similar outcomes for 
simplicity, clarity and space-saving purposes, especially 
when the manuscript pages are limited. We are not sure 
why the Referee 2 holds us at fault for it. 



6) Section 2 uses the treatment from Section 1 and ap- 
plies it to the WGMs of a dielectric sphere without using 
the proper treatment for a sphere where the mode struc- 
ture would he based on spherical Hankel functions given 
the boundary conditions. There are several treatments of 
this in the literature already (e.g., PHYSICAL REVIEW 
A 67, 2003 033806). It is crucial that the proper mode 
structure be accounted for with the proper boundary con- 
dition, especially if it is to be applied in a case where 
gain will be present. 

Again, see the point 2 - we do not consider micro- 
spheres. 

6) In that case, there will also he time dependencies 
that may need to be addressed for a proper treatment. 

The time dependence is a primitive exponential (har- 
monic). Wc do not anticipate any other time dependen- 
cies in our configuration. Again, the Referee thinks of 
microspheres. 

7) The only new items in the entire paper consist of a 
few sentences of conjecture on the amplification of light 
using the WGMs of a dielectric sphere immersed in a 
gain medium. 

The use of the word "only" in regards to new items 
is an emotional belittling of our ideas. We regard this 
comment as Referee's acknowledgement of the novelty 
of the article, but his view of its general impact as sub- 
jective. These ideas may not epitomize a breakthrough 
in science, however they provides direction for further 
scientific research, just like the majority of peer-review 
articles do. 

9) there is no testable prediction of the effect. 

While this particular Referee does not have an idea for 
an experimental testing of the effects that we predict, it 
does not mean that the ideas are not worth publishing. 
First, with such attitude, for example, none of the string 
theory articles would ever be published. Second, there 
are many other scientists who read OL and it is our 
hope and goal that someone will become interested and 
will have an idea to attempt the experimentally imple- 
mentation of the proposed configuration. 

The Referee 2 hasn't found any mistakes in our article. 
He even acknowledges that our article has new material, 
however immediately belittles it. This new material is 
the main idea behind our paper, but the referee fails 
to recognize it instead of concentrating on other parts 
of the manuscript in his criticism from the erroneous 
microsphere standpoint. We think that the review by 
Referee 2 also cannot be used. 

We would like to modify the article to emphasize im- 
portant points to avoid misunderstandings similar to Re- 
viewer 2 and resubmit the manuscript. 

The letter we sent you in response to Dr. Sieg- 
man's email: 

Dear Dr. Carrig, 

We echo Dr. Siegman's concern that it may be ad- 
vantageous to forward our manuscript to a third party 
since our manuscript originally stems from the funda- 
mental disagreement with Dr. Siegman's views. We are 



6 



sorry that we have not made it clear during submission 
that Dr. Siegman may not be an appropriate choice for 
a reviewer. We appreciate that Dr. Siegman recognized 
this conflict of interests and included us in his reply. 

We were taken aback when we saw Dr. Siegman's pa- 
per in OPN, and we wanted to remind the scientific com- 
munity how to calculate Fresnel reflection amplitudes, 
which is discussed in many text books and additionally 
in the paper Opt. Expr., vol. 11, pp. 299-308, (2003) 
cited here by Dr. A. Siegman. We also discussed why the 
sign of square root is uniquely defined by physical rea- 
sons. If Dr. A. Siegman were right, electric field in the 
gainy medium just 1 cm away from interface would be 4 
orders of magnitude larger (we mistaken here, look 
above: it will be more than 800 orders of magni- 
tude) than in the total internal reflection field, notwith- 
standing how small is the gain. 

Our main goal for submitting the manuscript was to 
propose and motivate the laser physicists to make an 
experiment with a spherical beam trap where the light 
beam is strongly amplified after many total internal re- 
flections. Such amplification then melts the sphere and 
transforms it to a liquid drop, with physical processes 
inside becoming very similar to a ball lightning. Planar 
wave guides or cylindrical fibers are unfortunately not 
appropriate for this goal. 

D. Response from the editor 

After reading your appeal and taking it into consider- 
ation, I have decided to stand by my original decision. 
Despite your a priori disagreement with Prof. Siegman, 
who was cited in your references, he is well-respccted in 
the field and is a reasonable choice as a reviewer. The 
paper was also sent to a second independent reviewer. 
This reviewer is also a scientist with a very strong repu- 
tation. This reviewer also recommended rejection, albeit 
for somewhat different reasons. I consider these two re- 
views adequate for adjudicating the manuscript. 

E. Reply to the editor 

Dear Dr. Carrig, 

Is there a next step in the appeal process, where your 
decision can be reviewed by another editor? There has 
to be a reason why in the judicial system appeals go to 
an appellate court, different from the court that decided 
the original verdict. 

It is very unfortunate that modern science puts repu- 
tation above reason. As a recent graduate I do not stand 
a chance in any debate, however solid my arguments may 
be. Such approach in no way stimulates progress. 

Sincerely, Filipp Ignatovich 
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